Lactic acid bacteria isolated from unconventional sources are often attractive targets in the quest for obtaining better probiotics. In the present study, 16 members of the genus Lactobacillus, isolated from 3 different sources in western India, viz., plants, fermented foods and beverages, and human feces, were evaluated for their probiotic and bioactive properties. The isolates were closely related to Lactobacillus fermentum, Lactobacillus pentosus, and mainly Lactobacillus plantarum. The isolates were tolerant to bile salt, acidic pH and pancreatin, although pancreatin tolerance was generally low. Cellular extracts of several isolates displayed antioxidant activity, while cell-free supernatants displayed antibacterial activity against human pathogens. Antioxidant activity of Lactobacilli of human origin was higher than those from vegetables or fermented foods and beverages. L. plantarum AG40V prevented spoilage of fresh-cut fruits, vegetables and sprouted mung-beans. Lactobacilli from all sources displayed equal probiotic potential and those of human origin displayed superior antioxidant activity over others.
Human gastrointestinal tract consists of complex and diverse ecosystem of large number of bacteria and recent studies have proved the effect of gut microbiome on human physiology and metabolism (Shreiner et al., 2015) . In humans, lactic acid bacteria (LAB) form a major group of bacteria crucial for maintaining gut microbiota for a healthy body (Kinoshita et al., 2016) . There is substantial evidence which proves the beneficial effects of probiotics in the treatment of diarrheal diseases, inflammatory bowel diseases, food allergies, and in improvement of metabolism; however, there is limited evidence on the role of probiotics in other clinical conditions (Kechagia et al., 2013) . LAB have been explored for their probiotic potential and health benefits due to their therapeutic activity against pathogens (Dicks and Botes, 2010) . The consumption of some probiotic Lactobacilli helps in balance of gut microbiota (Di Cerbo et al., 2016) . Few reports indicate the role of probiotics in prevention of cardiovascular diseases and several forms of cancer (Kumar et al., 2010; Saad et al., 2013; Chong, 2014) . Lactobacilli produce organic acids, bacteriocins, hydrogen peroxide, diacetyl, acetaldehyde, D-isomers of amino acids, reuterin, and other bioactive compounds which confer human health benefits (Cintas et al., 2001) . Lactobacilli and bifidobacteria with antioxidative properties can be used to prepare probiotic and other food products that can improve total antioxidant capacity and decrease oxidative stress. Interestingly, many of the widely studied potential probiotic strains are of human or animal intestinal origin, whereas the probiotic properties of bacteria from non-intestinal and non-diary fermented foods are less explored (Sornplang and Piyadeatsoontorn, 2016) . LAB with bioactive properties have been isolated from fresh vegetables (Sathe et al., 2007) , palm wine (Amoa-Awua et al., 2007) , Garcinia indica (Swami et al., 2014) , Indian traditional fermented foods (Gomathi et al., 2014) , and several other unconventional sources. In the present study, LAB were isolated from different sources from western India such as fresh vegetables, traditional fermented foods and beverages, and human feces. They were screened for basic properties that can classify them as probiotic bacteria and also for additional bioactive properties including antioxidant and antimicrobial activity for using these bacteria for human consumption and food preservation. We further suggest that unconventional sources yield beneficial probiotic bacteria with antimicrobial and anti-inflammatory properties, and fermentative as well as food preservation abilities.
Materials and methods
Dehydrated media and Oxgall were purchased from HiMedia Laboratories, Mumbai, India, and all other chemicals and reagents were from Thermo Fischer, India. Other speciality chemicals were from companies as indicated where required and were of the highest grade possible.
Microbial strains
Isolated LAB were maintained on MRS agar slopes or stabs stored at 4°C for regular use and were preserved in MRS broth with 20% glycerol at −80°C for long-term use upto approximately 1 year. Reference strains Lactobacillus plantarum MCC2156 and other bacteria viz., Klebsiella pneumoniae MCC2570, Staphylococcus epidermidis MCC2044, Escherichia coli MCC2079, Enterobacter cloaceae MCC2303, Pseudomonas aeruginosa MCC2081 were obtained from Microbial culture collection, National Centre for Cell Science, Pune, India. All strains were maintained on nutrient agar or were cryopreserved.
Isolation and identification of LAB
LAB were isolated from freshly collected fermented food and beverage (FB), human feces (HF), and vegetables (V). The vegetable samples included bitter gourd, bottle gourd, ridged gourd, cabbage, and fenugreek. Food and beverage samples included curd, palm wine, palm nectar, solkadi (a traditional fermented preparation of G. indica), and idli (a traditional preparation of fermented black lentils and rice). Human samples included feces from healthy adult male, female, and infant. One gram of solid sample or 1 mL of liquid sample was suspended in saline, blended vigorously, and centrifuged at 300g to settle the particulate matter. The supernatant was serially diluted in tenfold dilutions using saline and 100 μL of 10 -7 dilution was plated on MRS agar. The media were incubated under anaerobic conditions for 24-48 h at 37°C. For vegetables, MRS agar plates were incubated under microaerophilic conditions at 30°C
. LAB were identified to the genus level with partial 16S rRNA gene sequencing with universal primers for domain bacteria (Nawani et al., 2002) . Phylogenetic tree was made with CLC sequence viewer 7.5 using the UPGMA method with Kimura 80 as nucleotide distance measure, bootstrap analysis was done with 1,000 replicates. Da1-FB, SKa1-FB, Ha11-HF, and HOa11-HF were identified by growing the culture in Biolog Universal growth medium followed by standard protocol using GEN III microplate that was read using Microlog, Biolog's Microbial Identification Systems software (Biolog Inc., CA, USA). The reference strain L. plantarum MCC2156 was used as an internal quality standard for identification of LAB isolates from this study.
In vitro assessment of tolerance to acid, bile, and pancreatin LAB were tested for their ability to tolerate acid, bile, and pancreatin using turbidity as a measure of growth (Shokryazdan et al., 2014) . Acid tolerance was determined by measurement of relative growth of cells after their exposure to neutral and acidic pH. 10 6 bacterial cells were suspended in 1 mL of phosphate buffer saline (PBS) pH 7.2, which served as reference, and in PBS pH 3.0 (adjusted with 1 M HCl) and kept at 37°C for 3 h. Bile tolerance was determined by measurement of relative growth of cells in presence and absence of bile salt. A total of 10 6 bacterial cells were inoculated in 10 mL of MRS broth with 0.3% (w/v) bile salt Oxgall or without Oxgall and incubated at 37°C for 4 h (Gomathi et al., 2014) . Pancreatin tolerance was determined by measurement of relative growth of cells after their exposure to medium with and without pancreatin. 10 6 cells were inoculated in 5 mL of freshly prepared test solution [PBS containing 150 mM NaHCO 3 and 1.9 mg/mL pancreatin (Sigma, USA), pH 8.0] and reference solution (PBS, pH 7.2) . The cultures were incubated under anaerobic conditions at 37°C for 3 h. One percent v/v of each test sample after the exposure to acidic pH, bile salt, and pancreatin and each reference sample was transferred to sterile MRS broth and incubated under anaerobic conditions at 37°C for 24 h. In all cases, growth was recorded by measuring optical density at 620 nm and by estimating the colony forming units by standard plate count method.
Bioactive properties
The antioxidant ability of LAB was tested using thiobarbituric acid (TBA) method (Pieniz et al., 2014) . Cell-free supernatant grown in MRS at 37°C for 18-24 h was obtained by centrifugation at 5,000g for 5 min and subsequently filtered through 0.22 μm filter (Himedia Laboratories, Mumbai, India). This was neutralized to pH 7.0 with 1 M NaOH followed by heating at 95°C for 5 min to denature proteins. For the estimation of antioxidant activity, an oxidation reaction was conducted by using extra-virgin olive oxidized with 100 µM ferrous sulfate at 80°C for 10 min. Cell-free supernatant of Lactobacilli, 81 mg/mL sodium dodecyl sulfate buffered with acetic acid to pH 3.4 and 6 mg/mL TBA was added to the above reaction followed by incubation at 100°C for 1 h. The absorbance was measured at 532 nm and concentration of thiobarbituric acid reactive substances (TBARS) was determined using a standard curve with 1,1,3,3-tetramethoxypropane and results were expressed as nmol of malondialdehyde (MDA) per mL of the sample. All the tests were performed in triplicates and the results are expressed as mean ± standard deviation (SD) of three measurements (n = 3). Uninoculated MRS broth treated in same way as cellfree supernatant was used in the reaction mixture as control medium or blank, and quercetin was used as positive control.
The antimicrobial activity of LAB was tested against K. pneumoniae MCC2570, S. epidermidis MCC2044, E. coli MCC2079, E. cloaceae MCC2303, P. aeruginosa MCC2081 by well-diffusion assay (Sathe et al., 2007) . About 1 × 10 7 cells/mL LAB was inoculated in 10 mL MRS broth and incubated in microaerophilic conditions for 36 h at 37°C. Cell-free supernatant was obtained as described above. MullerHinton agar seeded with the test pathogen (1 × 10 7 cells/mL) received the cell-free supernatant in the agar wells and the plates were incubated at 37°C for 24 h. The diameter of zone of inhibition was measured and results scored considering mean of three measurements (n = 3).
The ability of LAB cell lysate to protect DNA from oxidative damage induced in peripheral blood mononuclear cells (PBMCs) by treatment with H 2 O 2 (Salgaonkar et al., 2016) was assessed by alkaline comet assay (Singh et al., 1988 ). An overnight grown culture of LAB (10 7 cells/mL) was centrifuged at 5,000g for 5 min. The supernatant was discarded and pellet was washed twice with PBS pH 7.2. The bacterial cells were resuspended in PBS pH 7.2 and lysed by probe sonication at 20 kHz for 60 s thrice at 15 s intervals.
PBMCs treated with 100 μM of H 2 O 2 (oxidant) for 10 min at 4°C to induce DNA damage served as control for DNA damage and untreated PBMCs served as a control for intact DNA or any endogenous DNA damage. Cells were centrifuged at 3,000g for 5 min and resuspended in PBS and used for preparing slides. The ability of LAB to prevent induced oxidative DNA damage in PBMCs was assessed by pretreating PBMCs with LAB cell lysate (test agent) in dark for 15 min at 4°C. The cells were then centrifuged as above, washed with cold PBS, and resuspended in PBS. They were exposed to 100 µM H 2 O 2 for 10 min at 4°C and washed with cold PBS and used for comet assay as described earlier (Salgaonkar et al., 2015) . To compare the protection ability of LAB with standard antioxidant, PBMCs were pretreated with 1 mM quercetin followed by treatment with 100 µM H 2 O 2 for 10 min at 4°C. The slides were observed immediately at 100× magnification using a fluorescent microscope (Olympus CX41, Olympus Optical Co., Germany) attached to a ProgRes C3 camera. Single cells were analyzed by ImageJ 1.48v software with Open Comet 1.3 plugin. Fifty individual cells were randomly selected for calculations. The assay was performed in triplicates and extent of induced DNA damage was measured as percent of DNA in tail by using the formula previously described (Salgaonkar et al., 2015) .
Antibiotic susceptibility test
Antibiotic susceptibility test was performed by using disk diffusion method. The sensitivity of LAB was tested toward 25 µg streptomycin, 10 µg ampicillin, 30 µg tetracycline, 30 µg kanamycin, 10 µg gentamycin, 10 µg imepemen, 30 µg amikacin, 30 µg cefepime, 75 µg ticarcillin, and 100 µg piperacillin. A volume of 100 µL 10 5 cells/mL LAB cells were spread plated on MRS agar on which antibiotic disks were placed. A sterile disk containing water served as control. The zone of inhibition was measured and the LAB were scored susceptible (S), intermediate (I), and resistant (R) as per CLSI standards.
Milk curdling ability of LAB
LAB were assessed for their ability to curdle the milk and preservation of cut vegetables and sprouted cereals. A volume of 10 mL pasteurized milk was mixed with 5 × 10 7 cells of overnight grown LAB and incubated at 30-37°C for 24-72 h. The curdling was recorded after every 24 h up to 72 h.
Food preservation ability of representative LAB
For postharvest preservation of vegetables, 10 15 overnight grown L. plantarum AG40V cells/mL were sprayed on the interior of the pack used for storing cut vegetables and sprouted mung beans. These were kept at 37-38°C
, the ambient temperature in summer, and observed for spoilage, decay, or microbial growth.
Statistical analysis
Statistical analysis was done using XLStat, Past, and Microcal origin softwares. The comet assay results were analyzed by ANOVA and Tukey's multiple comparison test. All the results are depicted as mean of three replicates with SDs indicated where applicable.
Results and discussion

Isolation and identification of LAB
From the vegetable samples bitter gourd, bottle gourd, ridged gourd, cabbage, and fenugreek, it was possible to isolate LAB from all vegetables except from bitter gourd. This suggests that bitter gourd does not provide a favorable environment for the colonization of LAB. From the food and beverage samples which included curd, palm wine, palm nectar, solkadi, and idli, LAB could not be isolated from palm nectar. From amongst the human samples which included feces from healthy adult male, female, and infant, LAB were isolated from all the samples. Overall, maximum isolates were obtained from curd, palm wine, vegetable surfaces, and healthy adult male feces. The number of LAB isolated from vegetables was relatively lesser than those isolated from other sources. Several reports indicate the presence of LAB on vegetable surfaces, although the population diversity and abundance depends on the nutrient availability and conditions favorable for their survival on vegetable surfaces (Sathe et al., 2007; Yang et al., 2010) . Sixteen representative LAB from human feces, fermented foods and beverages, and vegetables were assessed for their probiotic properties. Figure 1 is a phylogenetic tree showing the relationship between the isolated LAB with members of Lactobacillus genus and other related genera based on the 16S rRNA gene sequences. The isolates obtained in this study can be classified in the genus Lactobacillus and they diverge differently from the genera Bacillus and Enterococcus. Lactobacillus sp. HOa17-HF is closely related to Lactobacillus fermentum, but it diverges differently from rest of the LAB isolates and from Pediococcus, a related genus and member of the family Lactobacillaceae. Lactobacillus sp. Ha1-HF is closely related to Lactobacillus pentosus and all other LAB isolates show close relation to L. plantarum which appears to be the predominant species in food, beverage, and vegetable samples. Isolates from human feces appear to be distinct from the isolates from food, beverage, and vegetable samples indicating a possible difference in their properties due to difference in their habitat. The isolates Da3-FB, SKa1-FB, Ha11-HF, and HOa11-HF belonged to the genus Lactobacillus as identified by metabolic fingerprinting using Biolog GEN III with Microlog software as explained in the method section. L. plantarum MCC2156, the reference strain for identification by metabolic fingerprinting, was confirmed as L. plantarum using the same software.
In vitro assessment of tolerance to acid, bile, and pancreatin
One of the prerequisites of a bacterium to be classified as a probiotic is its ability to survive in the gut environment with acidic pH, inhibitory bile salts, and pancreatic enzymes as the major challenges. Figure 2A shows the difference in the growth of the 16 Lactobacilli isolates upon exposure to acidic conditions, bile salts, and pancreatin. All the isolates were tolerant to pH 3.0 with less than 2% reduction in growth as compared to growth at pH 7.0, except for Lactobacillus sp. SKa1-FB with 17.8% reduction. Similar response was observed for bile salts; only 2% reduction in growth was observed for all LAB isolates. Lactobacillus sp. SKa1-FB was relatively more sensitive to bile salt with 8.9% reduction in growth. Maximum acid tolerance was shown by Lactobacillus sp. Ha1-HF, L. plantarum AG40V, and Lactobacillus sp. Ha8-HF which was at least twofold higher than the tolerance displayed by the reference strain L. plantarum MCC2156. Maximum bile tolerance was shown by Lactobacillus sp. Ba1-FB followed by Lactobacillus sp. Da1-FB. Pancreatin tolerance was lower in all isolates with Lactobacillus sp. Ba1-FB displaying the maximum and Lactobacillus sp. SKa1-FB showing the least tolerance.
LAB from vegetable sources displayed acid, bile, and pancreatin tolerance at par with isolates from other sources reflecting their primary suitability as a probiotic culture. The source of isolation of LAB shall be of lesser relevance if the primary criteria for use as probiotic viz., safety and ability to survive in the stressful gut environment and colonize are fulfilled (Ljungh and Wadström, 2006) . Acid and bile tolerance was higher for all isolates as compared to pancreatin tolerance in which five isolates displayed ≤10% reduction in growth, seven isolates had ≤25% reduction, and four isolates were highly sensitive to pancreatin with growth reduction ranging from 30% to 70%. Figure 2B shows a comparison in the sensitivity of the strains toward acidic conditions, bile salt, and pancreatin. Lactobacillus sp. Ba1-FB, L. plantarum AG40V, Lactobacillus sp. Ha1-HF, and Lactobacillus sp. Ha8-HF showed best tolerance. This shows that isolates from unconventional sources particularly non-intestinal isolates can also have probiotic properties at par with isolates of intestinal origin. Lactobacillus sp. Ha1-HF is resistant to acidic pH and Lactobacillus sp. Ba1-FB is resistant to bile salt and L. plantarum AG40V was more resistant to bile and pancreatin than Lactobacillus sp. La-89V; hence, Ha1-HF, Ba1-FB, and AG40V were chosen as representative isolates from each group for determination of antimicrobial susceptibility pattern, antimicrobial activity, and DNA damage protection ability. Besides, these strains showed better resistance to gastric conditions than the reference strain MCC2156. Figure 3 shows that the isolates from human and vegetable sources are closer than the isolates from food and beverages based on their pattern of tolerance to acidic conditions, bile salts, and pancreatin. 
Bioactive properties
Lipid peroxides are known to cause cellular oxidative stress and unstable peroxides can be formed from polyunsaturated fatty acids with MDA as the most common and predominant end product (Antonio et al., 2014) . The extent of lipid peroxidation can be measured by quantifying TBARS. Since omega-6 and omega-3 polyunsaturated fatty acids are derived from the diet, incorporation of inhibitors of lipid peroxidation can prolong the shelf-life of these essential fatty acids and scavengers of the end products can protect from their biological effects. Hence, the antioxidative ability of cell-free supernatant of Lactobacilli was determined for their possible applications in preservation of foods rich in fatty acids. Figure 4 shows that the maximum antioxidant activity was displayed by Lactobacillus sp. HOa17-HF followed by Lactobacillus sp. Ha12-HF and Lactobacillus sp. Ha8-HF. It is noteworthy that antioxidant activity of Lactobacilli of intestinal origin was higher than Lactobacilli from natural sources or fermented foods and beverages. This could be attributed to their origin, where cellular oxidative stress is expected to be higher than the stress in natural conditions or during fermentation conferring a natural ability on the isolates of human origin to be able to survive in oxidative stress (Ruiz et al., 2013) . L. plantarum AG40V, Lactobacillus sp. Da1-FB, Lactobacillus sp. SKa1-FB, and Lactobacillus sp. Ha11-HF displayed a lesser antioxidant activity than quercetin, whereas other isolates showed better activity than quercetin. Several antioxidant enzymes, such as manganese superoxide dismutase and NADH peroxidase, and other mechanisms of scavenging reactive oxygen species have been reported in LAB since two decades (Lin and Yen, 1999) . The ability to offer protection against oxidative stress and decrease the risk of accumulation of reactive oxygen species has been evaluated in conditions of intense exercise (Martarelli et al., 2011) . L. plantarum is reported to prevent metabolic disorders in smokers with possible involvement of propionic acid in reducing the levels of LDL cholesterol, implicating the positive health effects of Lactobacilli (Naruszewicz et al., 2002) .
The antimicrobial activity of L. plantarum AG40V, Lactobacillus sp. Ba1-FB, and Lactobacillus sp. Ha1-HF was tested against E. coli, S. epidermidis, K. pneumoniae, E. cloaceae, and P. aeruginosa as indicator strains. All the three isolates showed maximum activity toward K. pneumoniae (Table 1) . Shokryazdan et al. (2014) reported low inhibitory activities of Lactobacillus against K. pneumoniae, which is not true for the Lactobacilli in this study. K. pneumoniae is an important nosocomial pathogen with its medical relevance becoming significant due to the emergence of antibiotic-resistant strains. Klebsiellae also colonize gastrointestinal tract and may cause diarrhea, bacteremia, and other clinical conditions. The antibacterial effect of Lactobacilli on Klebsiella could be due to production of antibacterial compounds like bacteriocins according to some reports (Mogna et al., 2016; Shehata et al., 2016) . Probiotic bacteria with an ability to inhibit human pathogens would be interesting candidates for drug-lead compounds, alternate and adjunct therapies. Interestingly, none of the Lactobacilli except L. plantarum AG40V could inhibit E. coli. Similar observations were seen in other studies where the cell-free supernatant of Lactobacilli could not inhibit E. coli (Hawaz, 2014; Jose et al., 2015) .
Genotoxicity test of bacteria, cellular lysates or bacterial extracts having expected health benefits, is important both for safety assessment as well as for understanding their ability to offer protection toward oxidative DNA damage. This is particularly true if probiotic bacteria offer additional health benefits besides being able to primarily balance the gut microbiota. Several infections and disease conditions are either aggravated or are the result of DNA damage due to reactive oxygen species (Nawani et al., 2010) . The extent of DNA damage is measured by the percent DNA in the comet tail, a higher percentage indicates greater DNA damage. As seen in Fig. 5A , none of the Lactobacilli induced DNA damage in PBMCs where L. plantarum AG40V and Lactobacillus sp. Ha1-HF gave the least percent DNA in comet tail that was lesser than the reference strain L. plantarum MCC2156. Their values of percent DNA in tail did not differ significantly from that of untreated PBMCs, validating the safety of these Lactobacilli. Lactobacillus sp. Ba1-FB treatment gave relatively higher percent DNA in tail that was statistically similar to the value obtained with quercetin. Overall, the percent DNA in tail did not exceed 15% for PBMCs treated with the Lactobacilli strains chosen for safety assessment.
The ability of Lactobacilli cell lysates to confer protective effects on PBMCs from oxidative DNA damage was also determined. As seen in Fig. 5A , the shaded area shows the percent DNA in comet tail for PBMCs treated with bacterial cell lysates followed by treatment with oxidant to induce DNA damage. The protection offered was as follows Lactobacillus sp. Ha1-HF > Lactobacillus sp. Ba1-FB > L. plantarum AG40V.
Lactobacillus sp. Ha1-HF showed a higher and significantly different effect than the other Lactobacilli and offered twofold protection more than that offered by quercetin. Lactobacillus sp. Ha1-HF displayed better lipid peroxidation inhibition ability than Lactobacillus sp. Ba1-FB and L. plantarum AG40V as seen in Fig. 4 , which suggests that Ha1-HF may be having additional antioxidant abilities to scavenge the reactive oxygen species generated by treatment with hydrogen peroxide, which needs further research in in vivo models to elucidate the mechanism. Lactobacillus sp. Ba1-FB and L. plantarum AG40V offered protection from DNA damage at par than that given by quercetin that has been reported to inhibit hydrogen peroxide-induced DNA damage (Min and Ebeler, 2009) . L. acidophilus is reported to suppress the viability of human cancer cells by production of soluble polysaccharides with antioxidative and anticancer activity. This strain was however less toxic to healthy human embryo fibroblasts thus could be suitable adjuncts for preventive cancer therapy (Choi et al., 2006) .
Antibiotic susceptibility test
The susceptibility of LAB to different antibiotics is shown in Table 2 . It was observed that L. plantarum AG40V, Lactobacillus sp. Ba1-FB, and Lactobacillus sp. Ha1-HF strains were resistant to kanamycin. Lactobacillus sp. Ba1-FB was intermediate for streptomycin, ticarcillin, and imipenam.
Resistance of Lactobacilli to kanamycin reported earlier for members of the genus Lactobacillus is similar to our observations (Karapetkov et al., 2011 ). Lactobacilli are generally sensitive to cell-wall synthesis inhibitors and are resistant to some aminoglycosides like kanamycin and streptomycin due to absence of cytochrome-mediated drug transport and not due to acquisition of specific antibiotic resistance genes (Mayrhofer et al., 2010) . Thus, the resistance to kanamycin does not pose any potential risk of transfer of antibiotic-resistance genes.
Milk curdling ability of LAB
All the Lactobacilli were able to initiate the milk curdling after 24 h and within 36 h of inoculation indicating their basic fermentative attribute. This ability is essential if the strains have to be used for commercial preparation of yoghurts and related fermented milk products.
Food preservation ability of representative LAB
The cut vegetables and sprouted mung bean could be well preserved at 37°C in containers sprayed or coated with L. plantarum AG40V. No spoilage or microbial growth could be seen until 48 h in case of cut vegetables and until 96 h in case of sprouted mung beans. It was found that there was initiation of decay and microbial growth was seen in the vegetables and mung beans not sprayed with L. plantarum AG40V (Fig. 6 ). Antimicrobial activity of LAB can be useful in preventing the spoilage of fruits, vegetables, and other food products (Sathe et al., 2007; Trias et al., 2008) . LAB can also increase the shelf-life of ready-to-eat cut fruits or salads besides conferring possible probiotic benefits as demonstrated in this study. A step further is the use of probiotic edible films which offer dual benefits of increasing shelf-life and enhancing the functional value of the food products. Entrapment of the probiotic LAB in the films prevents their growth on the food product (Soukoulis et al., 2014) . This extends the application of probiotic bacteria in different areas of food technology. 
Conclusion
Conventional sources are not the only one to isolate bacteria with probiotic potential, but Lactobacilli from unconventional sources are equally potent in their probiotic benefits. The Lactobacilli isolated in this study could survive the simulated stresses of gastric environment mainly acid, bile, and pancreatin tolerance. These are primary criteria that probiotics must have for validation; in addition, these bacteria showed antimicrobial activity and antioxidant abilities in vitro. Their ability to prevent oxidative DNA damage could offer health benefits in diseases and disorders which are a direct or indirect result of DNA damage which requires further investigation. These Lactobacilli qualify the primary genotoxicity tests hence can be further validated for use in food preservation or in functional foods using appropriate in vivo safety assessment methods. Their ability to inhibit the growth Figure 6 . Preservation of cut vegetables and sprouted mung beans by Lactobacillus plantarum AG40V.
of K. pneumoniae and anti-inflammatory properties makes them suitable candidates for conferring human health benefits.
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